Aims/hypothesis We examined whether the type of preadmission glucose-lowering treatments explained differences in mortality rate and risk of readmission with myocardial infarction (MI) and heart failure following first-time hospitalisation for MI in patients with type 2 diabetes mellitus. Methods We conducted a nationwide population-based followup study among all Danish patients hospitalised with firsttime MI from 1996 to 2004. Data on use of glucose-lowering drugs and other medications, comorbidities, socioeconomic status, laboratory findings, readmission with MI and heart failure, and death were obtained from medical databases. We computed mortality rates and rates of MI and heart failure readmission, according to type of glucose-lowering treatment and used Cox's proportional hazards regression analysis to compute hazard ratios (HRs) as estimates of relative risks. Results We identified 8,494 MI patients with type 2 diabetes mellitus. The overall cumulative 30 day and 1 year mortality rates were 22.2 and 36.6%, respectively. Patients not receiving any glucose-lowering drugs (adjusted 30 day HR: 0.79, 95% CI: 0.57-1.10) and users of any combination (adjusted 30 day HR: 1.43, 95% CI: 0.98-2.09) had the lowest and highest mortality rates, respectively, when compared with users of sulfonylureas. We found that glycaemic control had no impact on the risk estimates in a subanalysis including biochemical laboratory data. We found no differences in the risk of new MI and heart failure between the different glucose-lowering agents. Conclusions/interpretation Type of preadmission glucoselowering treatment in monotherapy is not associated with substantial differences in prognosis following hospitalisation with MI. However, patients treated with any combination had increased mortality rates.
Introduction
Type 2 diabetes mellitus is a progressive disease characterised by varying degrees of insulin resistance and relative insulin deficiency. Initially, glycaemic control is achieved non-pharmacologically (i.e. by diet and exercise), but in later stages pharmacotherapy with one or more drug is required [1] . It is likely that treatments aimed to improve glycaemic control will prevent cardiovascular complications, which are often seen among patients with type 2 diabetes mellitus, but it remains uncertain whether the treatments themselves have adverse effects on the cardiovascular system.
Patients with diabetes mellitus have a poorer prognosis after myocardial infarction (MI) including increased rates of new MI, heart failure and death, when compared with their non-diabetic counterparts [2] . Data regarding outcome in cardiac patients using various types of glucose-lowering drugs are sparse and conflicting [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] , and the existing studies have some limitations, including small and often nonrepresentative samples and shortcomings in the data analysis.
As a large proportion of patients with type 2 diabetes mellitus suffer from cardiovascular diseases and are permanently dependent on their glucose-lowering drugs, it is important to clarify the risk associated with the different glucose-lowering drugs. Here, in a nationwide populationbased follow-up study, we examine the prognosis among Danish patients with type 2 diabetes mellitus, who were admitted to hospital with a first-time MI and were using various types of glucose-lowering treatments.
Methods
Setting and design We conducted this follow-up study within the entire Danish population (approximately 5.3 million).
The Danish National Health Service provides tax-supported healthcare for all inhabitants, guaranteeing free access to general practitioners and hospitals, and refunding a variable proportion of the prescription medication costs. The Danish Civil Registration System keeps electronic records on sex, date of birth, change of address, date of emigration and changes in vital status since 1968 [15, 16] . The records carry a unique ten-digit civil registration number, assigned to every Danish citizen and used in all Danish registries, enabling unambiguous linkage between them.
Patients with MI The Danish National Patient Registry [17] , established in 1977, collects data on all hospitalisations from non-psychiatric hospitals in the country, including dates of admission and discharge, surgical procedure(s) performed and up to 20 discharge diagnoses assigned by the treating physician and coded according to the International Classification of Diseases (ICD) 8th revision (ICD-8) until the end of 1993 (thereafter 10th revision ). From the registry, we identified all patients with a first-time primary discharge diagnosis of MI (ICD-10 codes I21.0-I21.9) among those who had been hospitalised between 1 January 1996 and 30 November 2004.
Glucose-lowering agents The Register of Medicinal Product Statistics contains data from 1995 onwards on all prescription drugs dispensed at all Danish pharmacies, including patients' civil registration numbers, type of drug according to the Anatomical Therapeutic Chemical classification system and date of drug dispensing.
In Denmark, glucose-lowering drugs are available by prescription only. Among the MI patients, we traced all prescriptions for glucose-lowering drugs redeemed prior to admission for MI. Users of glitazones (n=2), meglitinides (n=60) and α-glucosidase inhibitors (n=19) were excluded from the analyses due to the low number of treated patients.
Patients who had used only one type of glucose-lowering drug in the 90 days prior to hospitalisation were categorised according to the class of the glucose-lowering drug: sulfonylureas, metformin or insulin. Patients who had used more than one type of glucose-lowering drug during the 90 days prior to hospitalisation were categorised as combined users and divided according to the type of combination: sulfonylureas and metformin, sulfonylureas and insulin, metformin and insulin, or sulfonylureas, metformin and insulin. Patients with a diagnosis of diabetes since 1977 according to the Patient Registry (ICD-8 codes 249, 250, ICD-10 codes E10, E11, E14, G63.2, H36.0, N08.3) but not using any glucose-lowering drugs during the 90 days prior to hospitalisation were categorised as diabetic patients without pharmacotherapy. For all patients, we also received information on whether they had used other types of glucose-lowering drugs before the 90 days prior to the admission for MI, as well as on their use of glucose-lowering drugs within 1 year after the admission.
We classified the diabetic patients according to their type of diabetes: type 1 if they were less than 30 years old by the time of the first prescription or diagnosis and had never received a prescription for an oral glucose-lowering drug; type 2 if they had not received pharmacotherapy or had received a prescription for an oral glucose-lowering drug or were older than 30 years at the time of first prescription or diagnosis, regardless of treatment. Patients with type 1 diabetes mellitus (n=175) were excluded from the study.
Patients with polycystic ovary syndrome (PCOS) may also receive treatment with metformin, thus to avoid inclusion of these non-diabetic patients, we sought to identify patients with a PCOS diagnosis (ICD-10 code E28.2) among the users of metformin. No such patients were identified.
Endpoints The endpoints were 30 day and 1 year all-cause mortality (in and outside the hospital) and readmission with new MI or heart failure within 1 year after admission with MI. Mortality was ascertained from the Civil Registration System; readmission with a new MI (ICD-10 codes I21, I22) or heart failure (ICD-10-codes I11.0, I13.0, I13.2, I25.5, I42.0, I42.6, I42.7, I42.8, I42.9, I50.0, I50.1, I50.9) were ascertained from the Danish National Patient Registry. Readmission with MI within 28 days of the original MI was not considered a new event [18] .
Covariates We obtained data on covariates from the Danish National Patient Registry, the Register of Medicinal Product Statistics, the Integrated Database for Labour Market Research (IDA) at Statistics Denmark [19] and, for a subset, from the Laboratory Information Systems in the Counties of North Jutland and Aarhus.
Based on discharge diagnoses from the Danish National Patient Registry, we computed, for each patient, the comorbidity index score developed by Charlson et al. [20] . The index covers 19 major disease categories, including diabetes mellitus, MI, heart failure, cerebrovascular diseases and cancer, weighted according to their impact on patient survival. MI and diabetes mellitus were excluded from the comorbidity index calculations. We also obtained information on previous diagnoses of hypertension, coronary revascularisation procedures (percutaneous coronary intervention and coronary artery bypass graft), alcoholismrelated diseases and diabetes complications (i.e. retinopathy, nephropathy and neuropathy). Data on coronary revascularisation procedures performed during or after the admission for MI were also obtained.
We identified all prescriptions for cardiovascular drugs (antihypertensive drugs, lipid-lowering drugs, platelet inhibitors, vitamin K antagonists) and hormone replacement therapy (HRT) redeemed before the date of admission for MI or within 1 year after the admission.
We estimated the duration of diabetes as the time since the earliest prescription for a glucose-lowering drug or the earliest diabetes diagnosis and categorised the duration in three groups: ≤5 years, 5 to 10 years, >10 years. Finally, based on data from IDA, we classified the patients according to socioeconomic status (employed, pensioner or other) in the year prior to admission for MI.
Biochemical data reflecting the intensity of the antiglycaemic treatment and the extent of myocardial damage following admission with MI were available from the Laboratory Information System for tests analysed in North Jutland and Aarhus Counties, covering a population of approximately 1,150,000 (∼22% of the total Danish population). Data were available on laboratory tests from all the counties' hospitals and general practices. We retrieved data on HbA 1c , blood glucose, troponin T and creatine kinase-myocardial band (CK-MB). We used the latest measurement of HbA 1c within 180 days prior to admission and 7 days after the admission and the highest level of blood glucose, troponin T and CK-MB on the day of admission or the following day.
As the proportion of users of the different glucoselowering drugs varied during the study period, thereby creating a risk of comparing patients from different calendar periods when comparing the treatments, we also included the calendar time of admission in the analyses.
Statistical analyses Characteristics of the users of various types of glucose-lowering treatments were compared using a χ 2 analysis for the categorical variables, whereas continuous variables were compared using Kruskal-Wallis tests.
Follow-up began on the date of admission with MI and ended on the date of admission with new MI or heart failure (only in analyses on risk of new MI or heart failure, respectively), death, emigration or after 30 days or 1 year. We computed Kaplan-Meier mortality curves for the glucoselowering treatments and computed the cumulative 30 day and 1 year mortality rates.
We used Cox's proportional hazards regression analysis (with the Efron approximation to handle tied survival times) to compute hazard ratios (HRs) as estimates of the relative risks for each outcome. We included all the measured covariates; use of glucose-lowering drugs, cardiovascular drugs, HRT and coronary revascularisation procedures after MI were treated as time-dependent covariates. The p values were estimated by Wald tests. The largest group, i.e. patients receiving sulfonylureas, served as the reference group in all analyses.
To examine possible sex-related differences in prognosis, we also analysed the HRs stratified by sex. Differences in prognosis between the different combination types were assessed by likelihood ratio tests; differences in troponin T and CK-MB levels, which may reflect infarct size [21] , were assessed by Kruskal-Wallis tests.
Prescriptions for glucose-lowering drugs in Denmark are usually issued for 3 months, but may be issued for up to 6 months. We therefore also analysed the data based on drug use within 180 days prior to hospitalisation.
We analysed data with Stata 8.2 (StataCorp LP, College Station, TX, USA) and with version 9.13 of SAS software (SAS Institute, Cary, NC, USA). The statistical significance level was set to 0.05 in all analyses.
Results
Diabetes treatment groups We identified 8,494 patients with type 2 diabetes mellitus who were hospitalised with a firsttime MI during the study period. Among these patients, 31.7% were being treated with sulfonylureas, 6.0% with metformin, 21.5% with insulin and 15.7% with any combination of glucose-lowering drugs, while 25.1% were not Measured within 180 days prior to admission and 7 days after admission with MI (n=1,189, n=265, n=352, n=69, n=323, n=180 for total, no pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively) g Highest measurement at the day of admission (n=1,403, n=345, n=424, n=76, n=348, n=210 for total, no pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively) h Highest measurement at the day of admission or the following day (n=1,043, n=270, n=307, n=67, n=246, n=153 for total, no pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively) i Highest measurement at the day of admission or the following day (n=770, n=206, n=214, n=50, n=188, n=112 for total, no pharmacotherapy, sulfonylurea, metformin, insulin, combination treatments, respectively) SU, sulfonylurea receiving glucose-lowering pharmacotherapy at the time of admission. The main clinical and laboratory characteristics of the patients according to glucose-lowering treatment are presented in Table 1 .
All-cause mortality rate Cumulative mortality curves for the different treatment groups are shown in Fig. 1 . We excluded 161 patients for whom data on socioeconomic status were missing. A total of 1,851 of the remaining 8,333 (22.2%, 95% CI: 21.3-23.1) patients died within 30 days after admission. Within 1 year, 36.6% (95% CI: 35.5-37.7) of the patients were dead.
Compared with users of sulfonylureas, we found lower crude risks of mortality among patients using metformin (30 day HR: 0.55, 95% CI: 0.43-0.71) or any combination (30 day HR: 0.85, 95% CI: 0.73-0.98). In contrast, the crude 30 day HRs were 1.10 (95% CI: 0.97-1.24) and 0.99 (95% CI: 0.88-1.11) for users of insulin and patients not receiving pharmacotherapy, respectively, compared with users of sulfonylureas. After adjustment for differences in covariates, we found no differences between the glucose-lowering drugs in monotherapy i.e. the 30 day adjusted HRs for the use of metformin and insulin were 0.85 (95% CI: 0.40-1.81) and 1.05 (95% CI: 0.63-1.76), but the use of any combination was associated with an increased risk of mortality compared with use of sulfonylureas (adjusted 30 day HR: 1.43, 95% CI: 0.98-2.09) ( Table 2 ). The highest risk estimate was found among users of the triple combination with sulfonylurea, metformin and insulin (adjusted 30 day HR: 1.79, 95% CI: 0.65-4.95), but we found no differences in mortality rate when comparing use of the different types of combination (p=0.33). When estimating the 1 year HRs, we found similar results (Table 2) .
For most treatments, the association was similar among men and women. However, among women the use of metformin was associated with a lower mortality rate than the use of sulfonylureas (adjusted 30 day HR: 0.51, 95% CI: 0.25-1.04; adjusted 1 year HR: 0.49, 95% CI: 0.30-0.79), whereas among men the risk appeared to be increased (adjusted 30 day HR: 1.80, 95% CI: 0.91-3.56; adjusted 1 year HR: 1.82, 95% CI: 1.25-2.64).
The results were similar when estimating the HRs based on drug use 180 days prior to MI.
New MI and heart failure Within 1 year of follow-up, 8.4 and 9.6% of the patients were readmitted with a new MI and heart failure, respectively. We found no substantial differences in the risks of new MI or heart failure between users of the different glucose-lowering treatments (Table 3) , nor were there any differences in risk of new MI (p=0.75) or heart failure (p=0.28) among users of the different types of combination.
Subanalysis including biochemical parameters
In the North Jutland and Aarhus County subcohort, data on HbA 1c and admission blood glucose levels were available for 1,027 patients with MI. We examined the effect of the intensity of glycaemic control among this subset of patients, although with a much weaker statistical precision. The HbA 1c and admission blood glucose levels had only minor effects on the risk estimates, i.e. further adjustment for these parameters changed the estimates by only 1 to 6%. Thus compared with use of sulfonylureas, the adjusted HR of 30 day mortality rate was 1.90 (95% CI: 0.68-5.32) for use of any combination. After further adjustment for HbA 1c and blood glucose, the adjusted HR of 30 day mortality rate was 1.83 (95% CI: 0.65-5.13). A similar pattern was found when estimating the 1 year HRs.
We found significant differences in the levels of CK-MB (p=0.0001) and troponin T (p=0.0001) between the users of different glucose-lowering treatments ( Table 1 ). The highest levels were found among users of sulfonylureas and insulin, probably reflecting a larger infarct size in these patients.
Discussion
In this large population-based follow-up study, we found no substantial differences in the prognosis following hospitalisation with MI among patients with type 2 diabetes mellitus using different glucose-lowering drugs in monotherapy. However, use of any combination of glucose-lowering drugs was associated with an increased mortality rate.
The main strength of this study is the use of nationwide population-based registries with complete follow-up both during and after hospitalisation. As these data sources The total number of users is lower than in Table 1 , because we excluded patients for whom information on socioeconomic status was missing (n=161, 1.9%) b Adjusted for age, sex, calendar period, duration of diabetes, former use of other types of glucose-lowering drugs, level of comorbidity (measured by the Charlson index), socioeconomic status, discharge diagnoses of hypertension, former and subsequent revascularisation, alcoholism, retinopathy and neuropathy, and prescriptions for platelet inhibitors, vitamin K antagonists, lipidlowering agents and HRT before the date of hospitalisation with MI; also adjusted for time-dependent treatment with glucose-lowering drugs, cardiovascular drugs and HRT after the date of hospitalisation with MI c
The total number of users is lower than in Table 1 , because we excluded patients with a first admission in 2004 and patients for whom information on socioeconomic status was missing MET, metformin; SU, sulfonylurea See Table 2 MET, metformin; SU, sulfonylurea comprise complete population data, our results reflect the daily clinical practice in Denmark. Further, the use of nationwide registries with prospectively collected data minimises the risk of both selection and information bias. Another advantage is the ability to adjust for the wide range of possible confounding factors collected independently of hospitalisation with MI through access to the different medical registries. The validity of our estimates depends on the accuracy of the registries. However, the validity of the hospital discharge diagnoses used to identify our study population of MI patients seems high [22] , and the combined use of the Danish National Patient Registry and the Register of Medicinal Product Statistics to identify patients with diabetes mellitus has proven to be of high quality and nearly complete [23] .
As we used the redemption of a prescription as a proxy for compliance, we may have overestimated actual exposure. Further, the lack of information on non-hospitalised MI cases, including patients who die before reaching the hospital, might introduce selection bias, if users of one particular glucose-lowering treatment were more likely to die from MI before hospitalisation.
Finally, despite our adjustment for a wide range of confounding factors, including intensity of the antiglycaemic treatment, we cannot entirely rule out the possibility of residual or unmeasured confounding related to differences in in-hospital treatment for MI, diet, smoking and obesity. In contrast, it could be argued that not all covariates should be considered true confounding factors, but rather intermediate steps in the association between use of a specific drug and prognosis (e.g. HbA 1c ). We may in theory have underestimated the real effect by adjusting for the covariates. However, in reality neither measures of intensity of glycaemic control, nor duration of diabetes nor other possible 'intermediate step covariates' had any substantial impact on the adjusted risk estimates.
Our results are consistent with a number of other studies on both short-and long-term mortality rate after admission with MI. Two studies found that the type of diabetes treatment in monotherapy at discharge had no significant association with 28 day [4] and 1 year mortality rate [5] . One of these also found similar risk of readmission with MI or heart failure within 1 year among MI patients discharged on metformin and non-insulin sensitisers (sulfonylureas or insulin) [5] . Another study showed no differences in longterm (>3 years) survival rate between patients treated with sulfonylureas prior to MI and those receiving any other glucose-lowering treatments (diet, insulin or metformin and/or acarbose) [6] . Further, in agreement with our finding, an increased mortality rate has also previously been found among users of combination therapy (sulfonylureas and metformin) when compared with patients treated with diet, whereas no increased mortality rate was found among users of the drugs in monotherapy [14] .
Recently, we found some indications of variation in 30 day mortality rates after MI among users of different glucose-lowering treatments [7] . However, the study was small (patients with diabetes n=867) with few data on confounding factors, making it difficult to interpret the size of the variation.
Other studies have also implied that use of specific glucose-lowering drugs is associated with an adverse prognosis among patients with previous coronary artery disease. Both sulfonylureas [3, 8, 9] , metformin [9, 10] and insulin [9, [11] [12] [13] have been associated with increased mortality rate compared with diet. However, this might reflect a longer duration of diabetes and thus a more advanced stage of diabetes and/or a poorer glycaemic control among users of these drugs, rather than actual drug effects.
The finding that metformin carried a significantly lower risk in women than in men remains unexplained and may be due to chance. However, it has recently been reported that high proinsulin levels (which are reduced by metformin [24] ) are pro-atherosclerotic in women, but not in men [25] , and this might provide at least some explanation for our finding.
Although this study has shown similar effects of different glucose-lowering drugs in monotherapy prior to MI on the prognosis after the MI, concerns about differences in the risk of developing cardiovascular disease, including MI, among users of different glucose-lowering drugs remain [7, [26] [27] [28] [29] .
In conclusion, the prognosis after MI does not seem to vary substantially according to the glucose-lowering drugs used in monotherapy prior to MI. However, use of any combination seems to be related to an increased mortality rate.
